Osteoporosis is defined as an absolute decrease in the amount of bone, leading to fractures after minimal trauma'. It is the most common metabolic bone disease, but is still an unsolved medical problem and an enormous burden to the public health", Bone mass increases gradually until the fourth decade, then, in both sexes, a continuous age-related bone mass reduction occurs, including in postmenopausal women a period of accelerated cortical bone 10SSl. In a lifetime, about 50% of the trabecular bone and 35% of the cortical bone are lost in women and 65% of this amount in men M . By the age of 65 years in 50% of women the vertebral bone density is below the threshold for fractures and, in up to 40% of women, fractures occurs. Incidence of fractures, especially that of the ominous femoral neck fracture, rises with age".
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In spite of the progress made in understanding the pathophysiology of osteoporosiel-" and the use of sophisticated methods for precise measurement of the bone mineral content and density (photon absorptiometry), quantitative computed tomography, total body calcium measurements'"!', the optimaltherapeutic management of this condition is still controversial. Considering the possible side effects of various drug treatments and the reluctance to use them as prophylaxis, nutritional measures and physical exercise emerge as safe and attractive, preventive and therapeutic issues.
The relation between body, bone and muscle mass and their response to stress The relation between bone mass and body muscle mass and function is not fortuitous. Bone tissue adapts to functional forces acting upon it1 2.Osteoblastic bone forming activity is stimulated by weight bearing or muscle tension stress through a still unknown mechanism. Stress generation of piezoelectric forces in the hydroxyapatite crystals with the bone acting as a transducer has been suggested 13.14. Induction of DNA synthesis by the osteoblast in response to tensile and electric forces has been described 15 and experimental weight loading systems in animals were found to induce structurally useful remodelling of bone, as long as the amount and the distribution of the strain remained within the physiological range-''.
In humans, a clear anatomical relationship between the body muscle and bone mass has been described 17.18, as well as their proportional loss with age 19,20. In black women, a larger muscle mass in relation to height and weight has been suggested as the cause of increased total body calcium and bone density'", A direct neural or mechanical stress or osseous blood flow changes are possible mechanisms for the effect of muscle activity on bone.
Prolonged inactivity is a well known cause of muscle and bone atrophy22 and bone loss due to immobilization and weightlessness has been described 23.26. The cortical bone which is directly subjected to muscle stress has heen shown to be increased at sites of muscular insertion and a slower reduction of its mass, compared to trabecular bone, was reported during immobilization27.
Studies in animals suggested that vigorous physical activity may possibly increase the production of bone 28.3o. In humans, a higher bone mass was found in physically active young men and in athletes 31-33. Studies of people engaged in different sports and occupations revealed hypertrophy of the dominant extremity, where a higher bone mass has been noted31. 34.35. The effect of physical activity on the bone -clinical studies Several reviews were dedicated to the possible connection between exercise and skeletal bone mass 36-38. In the elderly, physical exercise is meant to prevent and to combat the age related and the postmenopausal bone loss. It seems to be successful as shown by several studies. Nine postmenopausal women exercising for one hour three times a week (warm-up, conditioning and circulatory exercises) presented after one year an increase in the total body calcium (measured by total body neutron activation analysis) while a decrease was noted in a group of 9 sedentary women. No significant changes were found in the bone mineral content (measured by photon absorptiometry) and in the body potassium'".
Thirty-six postmenopausal women aged 50-63 years, practising aerobic dancing with increasing frequency and intensity during 6 months, preserved their mineral bone content (measured by photon absorptiometry of the distal radius). Statistically significant amounts were lost during the same period in a control and in a walking group. Plasmaoestrogen levels were not influenced by exercise, supporting the hypothesis that mechanical loading of the exercise is the main factor in the prevention of the bone mass loss40. A program of dynamic loading exercises of the distal forearm (tension, torsion, compression, bending) applied three times a week for 5 months in 14 postmenopausal women aged 53-74 years showed a 3.8% increase in the mean bone density (measured by Compton scattering technique) and a decrease of 1.9% in the control group. The increase in the trabecular substance and the interchange of the marrow adipose tissue to red marrow, both of them causing these changes, were attributed to exercise. No significant changes were demonstrated in the bone mineral content 
months demonstrated a 4.2% increase in the mineral content of the distal radius as compared to a 2.5% decrease in the control groupv'.
In another study, a 2% increase in forearm bone mineral content was described in aged women exercising for 3 years 43 • Prolonged exercise (cross country running) in middle aged (50-59 years) people increased the mineral bone content by 20% at appendicular sites, but the vertebral bone density only by 9%, when compared to controls'". In the same study the inefficiency of short-term training is emphasized by the lack of mineral bone content changes in a group of office employees trained for 3 months.
The prophylactic effect of physical exercise against further involutional bone loss is mentioned in another trial in which women with previous fractures of the forearm followed an exercise program of one hour twice weekly for 8 months and increased their lumbar spine mineral bone content by 3.5%, compared with a loss of bone of 2.7% in the control group45. As in one of the previous studies 39 , the forearm mineral bone content in the physically active women remained almost unchanged. On the other hand, the results of other studies are less optimistic. After 10 months of physical training, the bone mineral content measured in the heel bone (by modified dual photon absorptiometry) was higher in a group of 15 trained women with a mean age of72 than in the controls. However, no significant changes were noted after this period in the training group itselfl6. In spite of the controversy concerning which skeletal area benefits the most from exercise, the review of the literature suggests that physical activity may inhibit the involutional bone loss and even cause an increase in the bone mass. Nevertheless, the authors accentuate the need to learn more on the effect of mechanical forces on the skeleton and on the different behaviour of cortical and trabecular bone as a response to weight bearing and stress on the limbs. They are fully aware of the disadvantage of theories based on the results of short term and small scale trials. They still reach the conclusion that exercise increases the body bone mass and, being relatively harmless compared to the other treatments of osteoporosis, deserves to be used as a preventive and therapeutic measure.
Warnings and suggestions
The degree and the extent of the exercise should be adapted to the age, the physical ability and the skeletal condition of the individual. In young people, exercise and sports are beneficial in storing up a bone reserve and should beencouraged. Strenuous exercise can be detrimental. In young female athletes intense physical training induced amenorrhea with a decrease in body weight and in the fat tissues. A severe reduction in the axial bone density, secondary to the hypoestrogenic state, followed. The decrease of the intensity of the training was followed by the resumption of the menses and a marked increase in the bodyweight and the vertebral bone density". Therefore, moderation is preferable.
In the elderly, in whom a certain amount of bone mass has been already lost and different degrees of immobilization are caused by sedentary habits or by associated disease, vigorous physical exercise is contraindicated. Instead, a program of postural correct and isometric strengthening exercises to spine extension is prescribed. Walking, which is the easiest form of weight bearing, swimming, daily activities, social dancing and group exercises adapted to the age should be encouraged":
Physical activity plays a crucial role in the rehabilitation of osteoporotic patients with vertebral fractures. Extension or isometric back and abdominal strengthening exercises are useful and decrease the possibility of further fractures. Flexion exercises seem to be detrimentals".
Physiotherapy and occupational therapy must join forces. The patient must be educated to perform daily activities with minimal effort and to achieve good posture, muscle strength and coordination through continuous moderate exercise. The social aspect of this therapeutic program is riot negligtble'", A multiprofessional team, including doctors, nurses, physical, occupational and recreational therapists, social workers and nutritionists must help the patient in performing the rehabilitation programs'.
Conclusions
Physical exercise seems to have a beneficial influence on the growing skeleton by helping to maximize the adult body mass. Even the old bone responds to mechanical stress and involutional osteoporosis might be partially reversed by physical training. As the bone mass appears to be increased specifically in areas exposed to skeletal forces, physical activity must be directed to the main zones prone to fracture (the spine, the hip and the wrist) in order to minimize and even to prevent their occurrence. Improvement of the general physical performance, the well being and the social effect are additional desirable effects of continuous physical activity.
In young as well as in elderly people, a controlled, reasonably lengthy and moderate physical program is recommended while even short-term strenuous exercises might be unuseful and detrimental. These conclusions are open to criticism considering inconsistency of the results in various studies. This is probably due to the heterogeneity of the groups and of the exercise regimens, the relatively small number of subjects, the short periods of time, and the various methods of assessment of the bone mineral.
Further large scale and long-term studies, using uniform exercise programmes and techniques for measuring the bone mineral are needed in order to evaluate the effect of physical exercise on bone mass at different ages, as function of its intensity and duration. Nevertheless, in view of the relatively harmless effect of exercise and its general beneficial effect, we conclude that it may be helpful in all ages in the prevention and treatment of osteoporosis.
